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Abstract;

This report involves the study of the luminescence efficiency
of different biological compounds under high-energy gamma bombard— i (
ment before and after 50 kv x-irradiation. A4fter x—irradiation some
compounds (crude catalase) showed no change; in other compounds
(ascorbic acid) luminescence increased; and in others (glutathione)

! luminescence decreased. Parallel measurements made on the lumi~
nescence changes and chemical changes of the solute indicate that the
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f luminescence curve does not follow closely the decomposition curve. g
i These studies illustrate the influence of the radiation-induced )
decomposition products and are of importance in considerin :
biclogical reactions induced by ionizing radiation. - ;
;
F i
i V-
.
- ]
Pt
} K
|t
|
Reproduced From
Best Available Copy g
. | '
167
—— { |38
. [
v M ) . '
. e — - - - - -—ginm 3 ;




REPORT NO. 156

EFFECT OF SGFT X-RAYS ON THE

_ ‘LUMINZZ‘.SCENG‘E‘EFFICIENCY OF BIOLOGICAL CO_MPOUNDS*

by

W, H. Pare, Radmbiologiwt, S

A R LT Bt e

Dr. J. G, Keremkes, Radmbmlogxat, and .

t

Dr. A, T. Krebs, Head, R.admbiology Department :

%
g,

from '

‘Iadiobiology Department :
ARMY MEDICAL RESEARCH" LABORATORY
o FQRT KNOX, KENTUCKY ‘

*Subtaak under Biological and Medic, 11 Aapects of Iomzmg
Radiation, AMRL Project No. 6- ‘39«08 014 Subtaek Effects
of Iomzing Radiation, ‘

2

Y,

ﬁﬁfﬁﬁ%ﬂﬁm T

|
|
|
|

-
7




———— -

Report No. 156
Project No. 6-59-08-014
! ' Subtask AMRIT, S-1

| MEDE A
| ABSTRAGT
| | . ' EFFECT OF SOFT X-RAYS ON THE
| . L UMINESGENCE EFFICIENCY OF BIOLOGICAL
' ’ COMPOUNDS .
- OBJECT

"To study the ).ummescence efficiency of d1fferent biological
compounds under high-energy gamma bombardment before and
N _after 50 kv x-irradiation. Of prime importance is the possible
rioke of the radiation -induced decomposition products as reflected
by e})angee in the luminéscence properties of the compounds.

RESULTS

- Inall cases the compounds quenched the solvent luminescence. '
After x~irradiation some compounds {crude catalase) showed no = . p
change in luminescence efficiency; ih other compounds (ascorbic -7

e S i R ST R

E " acid) luminescence increased; and in others (glutathione) lummeecence
- decreased. The irradiation-effect dependence of luminkscence on - -
'~ the concentration showed no change in certain compounds (erude . 4,

catalase), a change increasing with cpncentration and approachmg

. & saturation value in other compounds (glutathione). and a change -

. going through a 'maximum with increasing concentration in others )

. (ascorbic acid}, Farallel measurements made on the lumines~ . : e

. ‘cence changes and the chemical changes of the compound for.

. .. " various x-ray doses indicated that the luminescence does not follow.
: %*iiv»——f»—;—;—_—;,,cloeely the’ deeomposition curve, After an extended period of ir -
' ' radiation, ‘both the luminescence’ efficiency and the chemical con-

eentration ehovJed o 100% change. . :

Tl AR b i) 3

The quenching of the solvent‘lum'ineecence by the addition of
_the biological solute molecules is evidence of energy transport
from solvent to solute molecules, " The absence of any significant
. changes in the luminescence efficiency of x~irradiated catalase as
~ compared to the non-irradiated catalase may indicate the absence
 of decomposition products. In the case of glutathione where the ”
“~luminescence efficiency decreased, it may be considered that the
~ decomposition products were able to increase the quenching of the




solution. With ascorbic acid, which showed an increase in lumi-
nescence efficiency (yet never surpassing that of the solvent), the
decomposition products may be considered to have had less efficient
quenching properties at certain concentrations. The difference
observed between the luminescence changes and the concentration
change of the compound fgr various x-ray doses points out the
influence of the decomposition products on the luminescence
characteristics of the compounds. The findings presented here

are of importance in considering the biological reaction induced

by ionizing radiation.

RECOMMENDA TIONS

Other types of radiation should be studied to permit compari -
son with the 50 kv x-irradiation data presented here. Spectral
curves should be obtained for the biological compound solutions
under the various x-irradiation cpnditions in order to correlate
the spectral changes with the observed luminescence intensicy
changes. . '
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EFFECT OF 50T X-RAYS ON THE
LUMINESCENCE EFFICIENCY OF BIOLOGICAL COMPOUNDS

1. INTRODUC TION

Recent discussions on the role of excitations on the biologi-
cal effects of radiation indicate a need for additional knowledge
of energy transport and energy migration mechanisms in irradi-
ated biological systems. New opportunities for an understand -
ing of these mechanisms are offered in the studies of organic and
inorganic liquid scintillators by Kallman and Furst (1), Reynolds
(2), Birks (3), Bowen (4), Harrison (8), Swank (6), and others.
Birks, and Kallman and Furst have advanced possible mechanism
theories in recent publications

With the above considerations as background, studies of the
effect of 50 kv x~rays on the luminescence efficiency of biologi-
cal cexupound solutions were started. Previous work on irradiated
biological systems has been generally concerned with chemical
changes, enzyme activity, etc.,, with little attention given to the
irradiation-induced decomposition products, Recently Maxwell
and coworkera {7) made a systematic study of the decomposition
of a Smgle ~-solute system, glycine, by 50 kv x-rays. In this '
work they could identify at least eight decomporition products,

‘Of conslderable importance is the biological role of these irradia-
tion ~induced: decomposition products. :

The findings presented here involve a study of the lumines -
cence efficiency of different biological compounds under high-
energy garnma bombardment before and after 50 kv x-irradiation,
Of interestare the possible effects of the radiation~induced decom-
position products on the luminescence efficiancy of the biologxcal

‘compounda,

II. EXPERIMENTAL

The experimental arrangement used in these studieg is shown
in Figure 1. It conaists of a lead shield containing a Co”" gamma
source, a sample changer with 4 ml of the solution or solvent in_
a porcelain crucible, and a 1P28 ghotamultiplier tube with a
commercial photometer as a recording instrument. Further de-
tails of the experimentm setup are discussed in a previous report

(8).
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The biological compounds were generally dissolved in neutral

- aqueous solutions and the luminescence efficiency was measured

- A relative to the luminescence of the solvent. To study the effect of
the concentration of the solute on the luminescence efficiency,
different concentrations of the compounds were measured under
identical conditions.

g
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The dependence of luminescence efficiency on solution concen-
tration and x-ray dosage was studied. The x-rays were deliveved
by a thin beryllium-window tube. It was operated at 50 kv and 40
milliamperes without added filtration, An open shallow dish con-
taining 5 ml of a solution of the compound was ivradiated at a dis -
tance of 5 cm. Under these conditions the surface dose rate was
approximately 150, 000 r/min in air. The solution was magnetically
stirred during the irradiation in order to continually replace the
irradiated surface layer and thus increase the yield. Determinations
were made of the chemical concentrations of the hiological compound
in the irradiated solutions for the parallel studies with the lumines-
cence changes,

I1I. RESULTS

The luminescence efficiency of different biological~compounds
{amino acids, nuclgic acids, vitamins, and eqzymes) in aqueous
solutions under Co”" gamma radiation bombardment in relation to
the luminescence of the solvent is presented in Table 1. All sub-
stances so far investigated showed lower luminescence efficiency
than the solvent, indicating a quenching of the solvent luminescence
by the solute molecules,

TABLE 1

LUNINESCENCE OF BIOLOGICAL COMPOUND SOLUTIONS
_UNDER 080 GAMMA BOMBARDMENT

SOLVENT
Distilled HP Distilled Hy0 T
. Ammonium Hydroxide .
0
s PUTE il ‘Melative . i e lat ive
2 Luninescence Luninescence
Distilled H 7.4 00 -
Diatilled .
. Asmonium Hylroxide 10.8 93 10.8 100
© © (20"M 1o, '
Glycine : 2.0 84 8.8 g
L-ﬁuum Acid 9.8 83
LeMothionine 7.2 s 9.9 q9
IL~-MNethionine 7.2 8.9 88
L-Hunylchnm 7.0 8 8.8 8
lalapize 7.2 40 9.8 8
Glu%uth m 3. 78 0 i
L-Try b orbane 7.3 T 8.7 78
Glutatbicae R 70
T o 8.3 37
Aduyun heid A 6
Hyrucnthlno 1007 62
Alcorbh: hoid 3.3 62 8.8 62
Cytosine : 7.5 60 9.8 39
L-Tyros ine 9.8 59
pL- Iroﬂm 9.8 59
‘l‘h m.g g‘é
Crud A&“ s ap 8.8 56 . )
pL- 1] . N " .
e Caralae (10 Lnolurf 7.0 i 0:2 0
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Figure 2 shows the dose -effect on the lumminescence efficiency
for two characteristic compounds, tryptophane and ascorbic acid,
exposed to 50 kv x-radiation. In the case of tryptophane x-irradiation
decreased the Juminescence efficiency, while in the case of ascorbic
acid x-~irradiation stimulated the light emission. There are also
compounds which do not react to x-irradiation. When this condition
exists, it may be considered that the compound is not decomposed
by the x-rays and/or the loss of the original compound by irradiation
may be balanced by the luminescence properties of the formed de-
compeoesition products

To check the function of the experimental arrangement the ef-
fect of 50 kv x-~rays on anthracene-xylene solutions was studied.
There was a decrease in the luminescence efficiency with increas-
ing doses, as shown in Figure 3. This was probably due to the
anthracene and/or xylene molecules being damaged by the x-rays.
This interpretation finds support in similar studies by Birks (3)
using polonium alpha radiation and anthracene crystals. In this
case the luminescence efficiency decreased with alpha irradiation
and was attributed to the creation of scintillation-inactive centers,

InFigures 4 and 5, the effect of concentration on the x-ray-
induced changes in the compounds, catalase, ascorbic acid, and
glutathione, is demonstrated. In the crude form of catalase used
here there was little difference between the irradiated and the non-
irradiated solutions. Ascorbic acid showed an increase in the lumines-
cence after x-irradiation, while irradiated glutathione solutions showed
a decrease in luminescence. These apparent changes with concentra-
tion denote the complexity of the phenomenon. '

Results oi p"a.rallel studies made on the change in luminescence:
and on the change in chemical concentration of the solutions after
x-irradiation are presented in Figure 6. "As shown, values for the
change in the molar concentration of the solution and the change in
the luminescence efficiency do not coincide for the same dose., As-
corbic acid after five minutes of x-irradiation showed a change of
about 60% in luminescence efficiency, whereas the change in the
molar concentration was about 92%. The same trend, only on a
smaller scale was observed with glutathione, After fifteen minutes
of x~irradiation approximately 74% of the origina) glutathione was
destroyed, while the change in luminescence efficiency was only
about 50%. These differences may be of interest when considering
the role of decomposition products in irradiation experiments.
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V. DIbCUSoTON

With all the mulogical compounds studied the luminescence.
efficiency of the solution was lower than that of the solvent. This
may be explained by a quenching mechanism, as shown by Kallman
and Furat (9), for certain liquid scintillators cxcited by high-energy
bombardment, They classified the various solutions studied into three
groups with light outputs relative to a '"'standard! anthracene crystal,
Kallman and Furst's value for distilled water placed it in a group in
whick all aolutes added quenched the luminescence of the solvents. This
seems to hold for biological material solutes in a‘distilled water solvent,
These considerations of quenchmg are further discussed in a previous:
report (8).

The luminescence efficiency depends on dxfferé‘nt physical factors
(8 and 10) of which concentration seems to be the most important.. In
all cases studied there was increased quenching wwth mcreased concen-
tration. :

The compounds observed can be classified into three groups ‘sub-~
stances which showed no changes after x-irradiation, substances whoae
luminescence efficiency increased, and substances whose luminescence

efficiency decreased after x-irradiation. Little is known of the biologi-

cal role of these changes in luminescence efficiéncy. These findings,
however, should be kept in mind when discuasing the role of excitations
in biological effects,

The irradiation-effect dependence of luminescence on the concentra- |

tion showed again three principle reactions: no change (catalase),
change increasing with concentration and approaching a saturation
value (glutathione), and a change going through a maximum with increas-
ing concentration (ascorbic acid). Crude preparations of catalase as
reported by Tytell and Kersten (11) did not show inactivation in either
dilute or concentrated aolutions after eight hours' exposure to soft
x-rays, whereas the radiosensitivity of the crystalline preparations
increased with the activity of the catalase. Using the crude form of
catalase prepared by Armour and Company, 1 mg/ec of catalase was
diluted to various molarities and then each dilution irradiated for 20
minutes. The absence of any significant changes in the luminesceuce |
efficiency of the x-irradiated sample as compared to the nonqrradtated
sample may indicate the absence of decomposition preducts.

The radiation effects on the luminescence efficiency of glutathione
and ascorbic acid demonstrate the complexity of the problern, 'In each
case the solutes were decomposed by x-rays as shown by Kinsey (12),
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Proctor and Goldblith (13), Barron (14}, Alder and Eyring (15), and
numerous other investigators. In the case of glutathione where the
luminescence efficiency decreased, it may be considered that the
decomposition products were able to increase the guenching proper-
ties of the solution. With ascorbic acid, which showed an increase
in lurtinescence efficiency, (yet never surpassingthat of the solvent),
the dec«.mposition products may be considered to have had less ef-
ficient quenching properties at certain concentrations.

If the change in the luminescence efficiency curve is tobs: attribus’
ted to the decomposition of the chemical solute by the x-rays, one
would expect the curve of the luminescence efficiency to follow close-
ly the decomposltwn curve. This was not the case.

Another intere sting observation was that after an extended period
of irradiation both the luminescence efficiency and the chemical
concentration showed a 100% change. This may be explained by the
total destructmn of the primarydecomposition products andfor second -
ary reéactions induced in the.pr¥oducts arising from the primary ir-
radiation events. The possibility for this action follows from Max-
well's experiments with glycine solutions. In Maxwell's investiga - l’ Ty
tions, glycine solutions irradiated with 30 kv x-rays produced pri-
mary decomposition products which appregiably underwent second-.
ary reactions. In the course of these reactions the original simple
one-ablute system changed into a several-solute complex system, . -
for which the recent considerations by Kallman and Furst (16) in
energy transfer mechanismsa may be applied.

V. CONCLUSIONS

In an biological compounds studied the lumineucenee efﬂciency
of the solution was lower than that of the solvent under high-energy
gamma bombardment, In no case was any biological compound ,
found that increased the luminsgcence This quenching of the sol- . -,
vent luminescence by the addition of biological solute miolecules
is evidence of energy transport from solvent to solute moleculeo,
but utilized in this case perhaps for chemical reactions or con-
verted into heat instead of being re-emitted as light. This may be
of prime importance in the bjological reaction induced by ionizing
radiation,

The absence of any significant changes in the luminescence effi~
ciency of x-irradiated culalase as cempared to the non-irradiated
catalase indicated the absence of decomposition producte. In the case.
of glutathione, where the luminescence efficiency decreased, it may.
be considered that the decomposition products were able to increase the




quenching of the solution. With ascorbic acid, which showed an in-
‘ crease in luminescence efficiency (yet never surpassing that of the

' ' solvent), the decomposition products moy ke considered to have had
less efficient quenching properties at certain concentrations.

Vi. RECOMMENDATIONS

’ Soectral curves should be obtained for the biological compound
solutions under the various x-irradiation conditions studied in an,
‘ attempt to correlate spectral changes with the 1umme80ence eihcxency
@ changea observed.

[P

Parallel studies-of percent change in solute chemical concentra -
tion and percent changes in luminiscence efficiency should be con- !
tinued to further indicate the role of the irradiation-induced decom-

‘ 'position products. ‘ _

[N

Other types-of rachatxon should be used to determine their
effects on the lummescence efficiency of bxologxcal compounds

i P AT £ P e e
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